Abstract-In this paper, a reduced complexity algorithm is proposed for grouped-subcarriers and power allocation in the downlink of OFDMA packet access wireless systems. The available subcarriers for data communication are grouped into partitions (groups) where each group is defined as a subchannel. The scheduler located at the base station allocates subchannels to users based on the variance of subchannel gains. The proposed algorithm for group allocation is a two-step algorithm that allocates groups to users based on the descending order of their variances to resolve the conflicting selection problem, followed by a step of fairness proportionality enhancement. To reduce the feedback burden and the complexity of the power allocation algorithm, each user feeds back the CSI on each group if the variance of gains of subcarriers inside it is less than a predefined threshold. To Show the performance of the proposed scheme, a selection of simulation results is presented.
INTRODUCTION
Optimal and suboptimal algorithms for radio resource management in wireless high speed networks based on orthogonal frequency division multiplexing (OFDM) are widely studied in the literature. Several systems are considered in these studies: single or multiple antennas at the transmitter and at the receiver. The complexity of resource allocation algorithms can be reduced in the case of downlink environment of OFDM access (OFDMA) systems by dividing the available subcarriers into groups (partitions) based on the channel coherence bandwidth and users compete for these groups. This system generalizes the independent subcarrier per subcarrier allocation. Recent published studies have considered this system model as [1] [2] [3] [4] and references therein. The groups are composed of continuous or non-continuous subcarriers, based on how the channel fading is fast or slow as described in [5] .
Multiuser diversity (MUD), if used optimally, enhances the system sum capacity by mitigating the fading effect, while providing some quality of service (QoS) to users. For a given user QoS requirement, optimal algorithms have to optimize one between two major goals: (i) maximize the data rate under power constraints [2] or (ii) minimize the overall transmit power under data rate constraints [6] . Some papers considered the first optimization problem for the radio resource management of OFDMA systems. Therefore, an adaptive subcarrier allocation algorithm has been proposed in [3] , where the available subcarriers are divided into blocks (groups) and the algorithm assigns blocks to each user according to its required data rate and BER constraint. This approach is a two-step method that firstly, adopted an adaptive block allocation to increase the system capacity by using channel state information (CSI) of all users and assigning a subset of blocks with the highest average channel gains to the corresponding user. Secondly, an iterative improvement procedure is employed to minimize the total required transmit power while satisfying multiuser data rates and BER requirements. This algorithm enhances the throughput and the power efficiency but doesn't provide a capacity close to the optimal.
To increase the system capacity a decentralized subcarrier allocation algorithm [2] provided an interesting solution. All users divide all the subcarriers into a number of partitions (groups) in parallel and each user selects the partition with the highest average channel gain independently. Since each user attempts to select the partition with the highest average channel gain, more than one user may conflict in the selection of a partition, if it is the best one to them simultaneously. The important contribution of this algorithm is to resolve the conflict selection. An iterative algorithm is used for partition with conflicting selection by using a usage value of each partition for each user. This iterative step enhances the system performance but increases significantly the algorithmic complexity of the system. A solution to this problem has been provided in [1] , where an adaptive grouped-subcarrier allocation algorithm is proposed for increasing the system broadcast capacity of OFDM systems and reducing their complexity. Instead of the usage value, the known average channel gain of each group is used to resolve the conflict problem among users. The first step of the allocation algorithm is followed by a swap procedure used to enhance the system capacity. This swap procedure is its still drawback. Therefore, it enhances the system capacity but for the cost of a significant increase of the complexity.
As a solution to this problem, we propose an algorithm based on the variance of the transmissible rates on user groups. The groups without conflict selection are assigned first. Then, the scheduler computes, for each active user, the variance of transmissible rates on all the reported groups (the variance of the reported gains). These variances are then sorted in a descending order. To optimally share the available groups, the proposed algorithm allows first, the user that has the max variance to select his best group. The assigned group is removed from the set of the available groups for the allocation. The same processing is done for the set of the remainder groups. If a user reaches his requested rate, he would be removed from the set of users allowed to compete for group allocation. After this first step, the subset of the remainder unassigned groups is allocated adaptively to users. Accordingly, while providing a system capacity close to that obtained in [1] , the complexity is reduced efficiently. This algorithm would be analyzed in section 3.
The remainder of this paper is organized as follows: While section 2 presents the system model, section 3 analyses the operation mode of the proposed scheduling scheme and section 4 presents a selection of simulation results and performance analysis.
SYSTEM MODEL AND OPERATING

MODE
The system model is similar to that presented in [2] and shown in Figure 1 . We limit our consideration to a simplified system model. The system consists of a single base station (BS) that serves K users, each employing OFDM transmission over a subset of the available M subcarriers. Power and groups of subcarriers are allocated to users according to their CSI and their user QoS constraints.
At the transmitter, by using the CSI from the K users, the allocation algorithm is applied to assign different groups of subcarriers to different users. The number of bits to be transmitted on subcarriers of each group is also determined in the process. This information is used to configure the adaptive modulators and the input data should be modulated accordingly. The complex symbols at the output of the adaptive modulators and coders (AMC) would then be transformed into time-domain samples by the IFFT block. Next, a cyclic prefix (CP) is inserted to each time-domain sample for inter symbol interference (ISI) cancellation and to ensure orthogonality in multipath environments. The transmit signal is then sent through different frequency selective fading channels to different users. At the receiver, the CP is removed after ISI cancellation and the time samples of the k th user are transformed by the FFT block into modulator symbols. The bit allocation information is used to configure the adaptive demodulators and decoders (AM C) −1 , while the group allocation information is used to extract the demodulated bits from the subcarriers assigned to the k th user.
The proposed scheme assigns non-continuous subcarriers which spreads the user symbols over a wider frequency range. Thus, frequency diversity is exploited and is considered for highmobility scenarios as proposed in [5] and in [7] . The goal of this work is to enhance the system sum capacity by exploiting maximum diversity gain. If we have M = MgNg subcarriers distributed into Mg groups of Ng subcarriers, the m th group has the subcarriers {m, m + Mg, ..., (Mg − 1) Ng + m}. This simple method provides an interesting diversity gain which is analyzed in [7] . The allocation algorithm operates in a discrete-time fashion. Time is divided between short guard period followed by longer data burst. The guard period is used to perform a series of operations, including calculus of variance of transmissible rates and user QoS comparisons to reach the appropriate decision. Each user reports to the BS each group having a variance of the Ng subcarriers inside it, to be less than a predefined threshold. Then, we have up to Mg = M Ng users that are allowed to receive (for downlink) packets throughout the subsequent data burst time. The considered model for the channel is a multipath channel that has Lp paths, where each path has a complex amplitude h l (t) and a delay τ l . The time and frequency channel responses are respectively:
The sampled channel frequency response (eq. 1) of user k on subcarrier m in the OFDM symbol n is:
where ∆f and Ts are respectively the subcarrier spacing and the OFDM symbol period. After removing the CP and pilots and applying FFT, the sampled channel response of user k is denoted H k . The k th user receives a discrete baseband OFDM symbol from the serving BS:
Where ρ = P k N 0 ∆f denotes the power to noise ratio, x k and y k are M × 1 vectors denoting the transmitted and the received signal, and n k is the noise bloc assumed to be a circular symmetric complex Gaussian random vector with distribution CN (0, IM ), where IM is M-dimension identity matrix. The bandwidh of each subcarrier is assumed to be narrower than the coherent bandwidth of the channel and analog (Continuous) rate is considered. Then, the channel is viewed as a Gaussian channel. If M subcarriers are used for data transmission, the transmissible rate of subcarrier m, when one user is considered, is:
,where γ k,m = ρ k,m |H k,m | 2 is the SNR on the m th subcarrier, and H k,m is the user subchannel gain. Γ is the SNR gap used to satisfy the BER constraint. If a square quadrature amplitude modulation QAM with N-symbolGray-mapping is the base band modulation technique, the SNR gap for a given BER is approximated by: Γ ≃ − ln(5BER) 1.6 if N ≥ 4 (deduced from [8] , AWGN Channel).
VARIANCE BASED RESOURCE ALLO-CATION
The first step of the proposed scheme is done by the user mobile station (MS) which would proceed some operations: measure the channel gains of subcarriers of each group, and then report to the BS each group inside it subcarriers with a variance lower than a predefined threshold as: V k,m ≤ ǫγ 2 k,m , where V k,m an γ k,m are the variance and the average of the subcarriers gains inside group m of user k. ǫ (typical value 0.5) is used to define the groups whose subcarriers have roughly equal gains. The second step starts by computing the variance of the reported subchannel gains. The goal of the scheduling algorithm is assigning the set of subchannels (groups) to meet the highest system transmissible rate under proportional fairness constraints (PFC). After examination of the reported CSI (subchannel gains) on all groups, groups without conflict selection among users are assigned fist, since each is requested by a single user. The remainder unassigned groups are requested by at least two users. Then, the group allocation algorithm has to select for each group a user that maximizes the objective function under the system constraints. To explain the proposed idea, we consider an example, where two users share 4 groups: the first has subchannel gains of groups with a low variance, and the second has a high variance. Consequently, if each user compete for two groups among the four available, the system capacity will be greater, if the user with high variance selects first. This can be better seen, if numerical samples are considered as presented in the following: G1 G2 G3 G4 Transmissible rates of User 1 90 60 20 10 Transmissible rates of User 2 100 90 70 70 To simplify the analysis, we assume that inside each group one subcarrier. According to the proposed algorithm, we allow user with high variance to select first. The variances of user 1 and user 2 are respectively V1 = 1367 and V2 = 225. If we select for each group the best user under the constraint that each user have to select up to two groups, the system receives R best = 100+90+20+10 = 220. If we apply the variance based algorithm, the system receives Rvar = 90 + 60 + 70 + 70 = 290. Thus, as shown in this simple example, the proposed variance based algorithm can provide better performance. This simple example can be generalized to systems with slow power control where variances are widely spread, and this agrees, with the high-mobility scenarios.
Then the system capacity increases if, the algorithm starts by assigning to the user with the highest variance, his best group of subcarriers. This group is then removed from the set of groups at the scheduling disposal. Then, the scheduler has to process with the same way the set of the remainder unassigned groups. In a first step, according to the PFC, if a user has reached his requested number of groups, he would be removed from the set of users allowed to compete for groups. In the second step, if there are groups not yet assigned, the scheduler has to enhance the system throughput and to meet the PFC in throughputs. Then, for each unassigned group, the scheduler assigns it to the user that has the lowest average rate weighted by his proportional coefficient among users that have the L best transmissible rates. Then, the throughput proportionality is obtained through two steps as: 1) first PFC is considered for the number of assigned groups as: Mg,1 : Mg,2 : ..Mg,K = α1 : α2 : .. : αK , where M gk is the number of groups assigned to user k. 2) After the second step, we meet the PFC in throughputs as: R1 : R2 : .. : RK = α1 : α2 : .. : αK.
In the following, the key steps of this scheduling algorithm are given.
Subchannel allocation
1) Initialization
Equal power is allocated to groups; U = { active users (MS) that has reported gains }; Us = ∅, (Users that has obtained their requested groups); S = { subchannels (groups) available for assignment }; SR = ∅, (the set of assigned groups); GS = { subchannel gains on the elements of S}; S k = {groups reported by user k};
Assign group m ks to user ks ; MA(ks) = MA(ks) − 1 ; S k = S k \ {m ks }; S = S \ {m ks }; SR = SR ∪ {m ks }, Else, U = U \ {ks};Us = Us ∪ {ks} EndIf, i = i + 1; update V ; EndWhile 3) Second step U = U ∪ Us For all m ∈ S \ SR do Sort in descending order transmissible rates Assign group m to user with min
owning the L best subchannel gains (the first L elements of the sorted rates).
Computational complexity
Resource allocation complexity is a main criterion in the design of suboptimal algorithms. This analysis is processed in the case of a system with K active users and Mg available subchannels. The initialization step requires the computation of K variances and sorting them in a descending order, which requires KMg multiplication, K(Mg − 1) addition and K log(K) operation for the sorting. Thus, the complexity is O(KMg ). The step 1 involves a loop of Itmax iterations where variances of users subchannels' gains in a descending order followed by updating these variances. This requires O(ItmaxMg log K) operations. In
Step 3, each unassigned subchannel in step 2 is allocated to the worst case user among the L best users. The number of still available subchannels is M * g =S, where(.) is the cardinality of (.). This step requires O(KL log(M * g ) operations.
Power allocation The OFDM transmitter allocates equal transmit power to the subchannels under total power Pt constraint:
The subchannel allocation steps allocate to the k th user M g,k subchannels, where k = 1..K. Then, each user receives
which is shared equally by the assigned subchannels. Since the Ng subcarriers inside a given subchannel (group) have roughly equal gain, the power assigned to the considered group is distributed equally to them. Then, each subcarrier receives
SIMULATION RESULTS
In this section, simulation results are analyzed to show the performance of the proposed algorithm compared to comparative superiority [1] and decentralized [2] algorithms used as references for the performance comparison. The system considered for simulation is the downlink of a single cell that uses M = 128 subcarriers for data communications and serves K = 8 mobile users. The considered SNR gap is Γ = 1 and the threshold ǫ = 0.5. According to the assumption of power control and Rayleigh fading, the instantaneous SNR of each subcarrier is modeled by an i.i.d. exponential distribution. In the beginning of this analysis, the number of subcarriers per group Ng is considered to be variable (Ng = 1, 2, 4, 8) , the parameter L = K/4, the simulation window T = 200 time slots, and the proportionality coefficients are α = [2; 1; 3; 1; 2; 2; 4; 4]/19. Figure 2 shows that, if the number of subcarriers per group (Ng) increases the system diversity gain decreases and consequently, the system throughput would decrease. To compare the variance based algorithm performance, the system throughput per subcarrier vs. the average SNR(dB) is illustrated. Figure 3 shows the dependence of the system throughput to the parameter L. As L increases, the proportionality fairness performance is enhanced, as will be shown below, for the price of a loss in system throughput. The illustrations compare also, our algorithm to the comparative superiority (Sup) [1] and the decentralized algorithm (Dec) [2] . The proposed scheme when L is kept to be K 4 provides the same throughputs as [1] . The advantage of the proposed scheme is the reduction of the complexity. 
), there is a strict rate proportionality. But if L = 1, for each unassigned group in the first step, the user with the best transmissible rate is selected without consideration of the proportionality constraint. This study is completed by comparing the proportional fairness degree of the proposed scheme when L = 2, L = 4 or L = 8. Figure 5 , illustrates the modified Jain's fair index [9] used as a metric for the proportional fairness comparison of weighted throughputs vs. the number of active users in the cell. This 
CONCLUSION
A variance based adaptive grouped subcarrier allocation algorithm is proposed for the enhancement of the system sum capacity in multiuser OFDMA packet access systems. Compared to other algorithms, the proposed allocation algorithm reduces efficiently the complexity while adaptively enhance the system capacity under proportional fairness constraints. 
